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Effect of uninephrectomy on glomerulotubular functional-
structural balance in the dog. Measurements of glomerular
filtration (CIN), tubular glucose reabsorption (TmG) and nephron
dimensions were made in dogs to determine if the compensatory
adjustments in the surviving kidney following uninephrectomy
affect individual nephrons and the nephron population uni-
family. Both CIN and TmG increased proportionately within two
to four days after nephrectomy in five dogs. Repeated measure-
ment showed CN and Tm, levelling off after two weeks in two
and after 56 days in the third, 30.9 to 82.8% and 28.5 to 72.9%,
respectively, above control values, The relationship between
filtered load and tubular reabsorption of glucose remained en-
tirely normal throughout with no evidence of significant "splay."
A statistically significant correlation was obtained between
glomerular surface area (CS) and the volume of the attached
proximal convoluted tubule in random samples of nephrons
isolated by microdissection from two control kidneys and from
kidneys removed 4 days, 68 days, 156 days and four years after
uninephrectomy. The volume of the proximal convolutions was
significantly increased above control (renal weight-control,
24.9 g vs. hypertrophic, 29.5 g) without change in CS. It was
concluded that the nephron population is uniformly affected
while hemodynamic adjustments of glomerular filtration correct
the glomerulotubular imbalance potentially inherent in the
structural disproportionalities of compensatory hypertrophy.
Effet de Ia néphrectomie unilatérale sur Ia balance glomérulo-
tubulaire fonctionnelle et structurale chez le chien. Des mesures
de Ia filtration glomerulaire (CIN), de Ia reabsorption tubulaire du
glucose (Tm,-,) et des mensurations des néphrons ont éte faites
chez des chiens afin de determiner si les adjustements com-
pensateurs du rein restant aprés néphrectomie unilatérale
affectent uniformément les néphrons individuels et Ia population
néphronique. CIN et TmG Ont augmenté proportionnellement
deuz a quatre jours après Ia néphrectomie chez cinq chiens. Des
mesures itératives ont montré que CIN et Tm,, plafonnent aprés
deux semaines chezdeux chiens et 56 jours chez un troisiCme, a des
valeurs supérieures aux contrôles de 30, 9 a 82,8% 28,5 a 72,9%,
respectivement. La relation entre Ia charge filtrée et Ia réabsorp-
tion tubulaire du glucose demeure entièrement normale dans
toute l'évolution, sans qu'apparaisse un évasement significatif de
Ia courbe. Une correlation significative est obtenue entre Ia
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surface glomerulaire (CS) et le volume du tube contorsné
proximal adjacent dans des échantillons de néphrons isolés au
hasard par microdissection dans deux reins contrôles, et des reins
restants enlevés 4 jours, 68 jours, 156 jours et quatre ans après
Ia néphrectomic unilatérale. Le volume des circonvolutions
proximales est significativement plus grand que celui des con-
trôles (poids du rein contrôle 24,9 g contre 29,5 pour l'hyper-
trophique) sans modification de CS. II est conclu que la popula-
tion des néphrons est affectée uniformément alors que les
adjustments hémodynamiques de Ia filtration glomCrulaire
corrigent le dCsequilibre glomerulo-tubulaire potentiel inherent
aux disproportions structurelles de l'hypertrophie compensatrice.
The structural changes that occur in the residual
nephron population following unilateral nephrectomy
are much more complex than is obvious in the seem-
ingly uniform enlargement of the kidney as a whole. It
is generally agreed that the enlargement begins within
20 hours after nephrectomy and is secondary to an
initially preponderant hypertrophy of tubular cells
that is soon followed by a widespread cellular replica-
tion or hyperplasia without change in nephron num-
ber. The response appears to be roughly proportional
to the mass of tissue lost but it is never completely
restitutive. Jean Oliver [1, 2] was the first to demon-
strate (by direct measurement) that the proximal
convoluted tubule is disproportionately affected,
increasing in volume 80 days after subtotal nephrec-
tomy in the rat, up to ten times normal depending
upon the amount of tissue ablated and the amount of
protein in the diet. He also noted a lesser enlargement
of the glomeruli, loops of Henle, distal convoluted
tubules, and collecting ducts, but he did not determine
the differences in magnitude quantitatively.
These findings have been confirmed in more recent
studies by Hayslett, Kashgarian and Epstein [3] who
found, in addition, that the length of the distal
convoluted tubule increased by l7, from 4.6±sEM
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0.1 mm in the normal to 5.4±0.1 mm in hyper-
trophied kidneys in contrast to a 35% increment fl
length of proximal convoluted tubules, from 10.0
0.1 mm to 13.5 mm, two to four weeks after
unilateral nephrectomy in rats. Luminal and outside
diameters measured in snap-frozen kidneys indicated
that luminal volume increased about 85% in the
proximal convoluted tubule and about 50% in the
distal, while cell mass increased about 70 and 35%,
respectively, 14 to 28 days after unilateral nephrectomy
in the rat. The disproportionality in segmental re-
sponses evident in these figures appears to be associated
with a similar imbalanced glomerular hypertrophy.
Measurements of glomerular diameters by Arataki [4]
indicate that glomerular surface increased in the resid-
ual kidney by 13 to 21% in 30 days and by 25 to 30°/a
in 80 days, glomerular volume by 20 to 33% and by 40
to 45%, respectively. Thus, glomerular growth is
apparently more closely geared to the change in the
cellular volume of the distal convoluted tubule than to
that in the proximal.
A glomerulotubular structural imbalance of this
kind would be expected to predispose to retention of
sodium and water if the structural-functional corre-
lations usually encountered in the dog [5, 6] were
applicable to the hypertrophic kidney of rats. In fact,
however, intrarenal vasodilation results in an aug-
mented renal blood flow and glomerular filtration rate
(GFR) that presumably corrects the deficit. Certainly,
Hayslett and his associates [3] observed a 92% incre-
ment above control on the average in filtration in the
remaining kidney in their studies, together with
maintenance of fractional reabsorption of water and
sodium at any point along the superficial hyper-
trophic tubules. This observation is supported by the
studies of Arrizurieta de Muchnik, Lipham and
Gottschalk [7], who found, in addition, normal
responses to isotonic saline loading or partial occlusion
of the renal artery, or both, indicating maintenance of
normal glomerulotubular balance. The data available
suggest, indeed, that GFR might actually be excessive
with respect to tubular capacity, at least early in the
course of the hypertrophic response, since the rise in
filtration begins quite early—as soon as four to five
hours after unilateral nephrectomy according to
Potter, Taggart and Holliday [8] and "rapidly out-
strips the increase in size of the kidney" [9]. Such an
excess in GFR would be expected to lower the glucose
threshold and to modify the relationship between glu-
cose load and tubular reabsorption of glucose (glucose
titration).
Although these inferences are drawn from experi-
mental study of the simple unipapillary kidney of the
rat, there is no reason to suppose that they are not
equally valid for the crest kidney of the dog or multi-
renculated kidney of man. In both dog and man, renal
blood flow rises promptly after unilateral nephrectomy
[10, 11] within 5 to 15 minutes in the dog according to
Krohn et al [12], presumably in association with an
elevation in GFR and glomerular predominance.
Kolberg's [13] finding that the ratio between inulin
clearance and maximal tubular glucose reabsorption
(CIN/TmG) was significantly reduced in three dogs one
to two years after subtotal nephrectomy suggests that
glomerulotubular balance might shift toward tubular
dominance with time and growth, in accord with a
glomerulotubular dimensional change like that ob-
served in the rat. No functional evidence of such an
imbalance could be obtained, however, in the present
study of the patterns of glucose titration in dogs before
and after unilateral nephrectomy. Microdissection and
measurement of glomerulotubular dimensions did
indeed suggest that hypertrophy is more marked in the
proximal convolutions than in the glomeruli so that it
may be inferred that filtration is proportioned to proxi-
mal reabsorptive capacity through vasomotor mech-
anisms at every stage in the course of hypertrophy and
hyperplasia.
Methods
The subjects of this study were six purebred beagle
bitches, 2 to 5 years of age, weighing 7.5 to 11.4 kg.
All were in excellent health throughout the time of
investigation, regularly exercised and maintained on
a diet of horse meat and dry meal. They were trained
to lie quietly in the recumbent position without
anesthesia or sedation throughout each experimental
procedure. Each animal was fasted for 12 hours prior
to study, allowed free access to water, and given
500 ml of water by stomach tube just before the experi-
ment was begun. An indwelling needle was placed in
the femoral artery under local anesthesia and an
indwelling catheter inserted into the bladder. Urine
samples were obtained continuously and bladder
emptying was assured by gentle compression and
"washout" with 10 ml of sterile distilled water. An
initial "blank" urine collection was made over a period
of 20 to 60 minutes. An infusion of 3H-inulin in
saline was then started (Bowman pump) in a foreleg
vein at 0.0021 0.0007 1iCi/kg of body weight/mm
(0.45 mI/mm) after an arterial blood sample had been
obtained and a priming dose (1.4 PCi/kg)
administered. Following an equilibrium period of 15
to 30 minutes, an arterial blood sample was taken and
an intravenous infusion of glucose (l0%) was then
started at 1.9 mI/mm. Urine samples were obtained
thereafter at five-minute intervals, arterial blood
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samples at 15-minute intervals and the glucose in-
fusion speeded seriatim at 15-minute intervals to 2.8,
4.7, 5.5 and 7.7 mI/mm in most experiments. Since
blood samples were limited to 5.0 ml, a total of no
more than 35 ml was removed. One animal (G) had
undergone right unilateral nephrectomy four years
before study; all the others were intact. At least two
control studies were made at intervals of two weeks to
four months prior to operative intervention of any
kind in the others.
In dogs E and F, respectively, right and left cutaneo-
ureterostomy was performed through a midline in-
cision in the lower abdomen. In each instance the
ureter was dissected free with care to preserve its
vasculature intact, transected 10 to 12 cm proximal to
the bladder and the distal end ligated. The proximal
portion was brought extraperitoneally to the skin sur-
face through a stab wound in the lower flank and
affixed circumferentially by sutures to the skin edges.
Its patency was maintained during the immediate
oliguric postoperative period by an indwelling poly-
ethylene catheter. There was no evidence of ureteral
obstruction or infection during the period of six
(dog E) and 11 (dog F) days that elapsed thereafter
before removal of the ureterostomized kidney. During
this interval additional control measurements of
function of the kidney with intact ureter were made
twice (2 and 6 days after ureterostomy) in dog E, and
three times (3, 5 and 11 days after ureterostomy) in dog
F. On the day of the last control study (dogs C, E, and
F) or two to five weeks later (dogs A, B, and D),
unilateral nephrectomy was carried out through a
flank incision—right in dogs A and E, left in dogs B,
C, D and F. In all, the ureter was ligated and left in
situ. In dogs E and F the ureterostomy orifice closed
spontaneously following cessation of urinary drainage
and remained uninfected. Dogs were anesthetized with
pentobarbital (Nembutal) during all operations.
Glomerular filtration was measured as the clearance
of 3H-inulin (New England Nuclear) and tubular
reabsorption of glucose computed as the difference
between the filtered load (arterial plasma glucose
concentration [PG-mg/ml] multiplied by the inulin
clearance [CIN-mi/min]) and the urinary glucose
excretion (mg/mm) [14]. The activity of 3H in plasma
and urine was measured in a liquid scintillation
spectrometer (Packard Tri-Carb, model 3—003). Equal
volumes (0.5 ml) of plasma and hydroxide of hyamine
were mixed and allowed to stand overnight after
which 10 ml of Bray's solution was added. Urine
samples were appropriately diluted with distilled water,
and 0.5 ml of the final dilution mixed with 10 ml of
Bray's solution by means of a mechanical vibrator.
All samples were prepared in duplicate. Frequent
internal standards, also in duplicate, were prepared by
adding 50 .d of the 3H-inulin infusion to samples of
both urine and plasma prepared as already described.
Due to differences in quenching between urines and
plasmas, correction factors were introduced on the
basis of these recoveries. Glucose was measured in
appropriately diluted samples of plasma, and urine
was measured by the potassium ferricyan ide-potassium
ferrocyanide oxidation reduction reaction [151 using
an Auto-analyzer (Technicon). Sodium was deter-
mined by flame photometry and osmolality with an
osmometer (Fiske).
Each of the kidneys removed at nephrectomy and at
death on completion of the full study appeared to be
free of disease on gross and microscopic examination.
The kidneys were Cut sagittally and transversely into
segments small enough to assure uniform fixation in
10% formaldehyde solution. Small blocks of tissue
which included cortex and medulla were excised from
each fixed kidney at uniformly distributed points. The
blocks were macerated for five hours in concentrated
HC1 at 37°C and dissected thereafter in distilled water
under a binocular microscope. Complete proximal
convoluted tubules—from the glomerulus to terminus
at the transition to the thin portion of Henle's loop—
were isolated randomly in equal numbers from the
superficial cortex just beneath the capsule, mid-cortex,
and the lowermost level of the cortex. The glomerulo-
tubular unit was floated onto a cover slip in a drop of
water and, with gentle manipulation, spread out
sufficiently to permit camera lucida drawings from
which linear measurements could be made. The dia-
meter of the proximal convoluted tubule was measured
directly with a filar micrometer at ten points evenly
distributed along the tubule. These values were
averaged and the volume of the tubule computed as for
a cylinder using the length obtained from the drawing
with a curvimeter. The greatest and the least diameter
of each glomeruli were also measured with the
micrometer, averaged, and the glomerular surface
calculated as for a sphere. Every precaution was taken
to avoid swelling and shrinkage [16].
Results
The data obtained in 44 studies in seven animals are
summarized in Tables 1 to 4. The procedure described
for glucose titration proved satisfactory in nearly every
instance as a reliable means of determining the lowest
arterial plasma glucose concentration (or threshold) at
which glucose appeared in the urine, i.e., an increment
of 1 to 5 mg/mm and the lowest concentration at
which reabsorption leveled off at a maximal rate (i.e.,
saturation). On the average the arterial plasma glucose
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level (PG) rose progressively from a mean value of
109.82 2.14 to 490.6 19.00 mg/100 ml (means are
SEM throughout). Urine flow increased pan passu
from 2.67 0.176 to 6.05 0.270 mi/mm. Every effort
was made to maintain water balance and no evidence
of dehydration was manifested at the end of any
experiment. The hematocrit always decreased—on the
average from 36.8 1 .00% at the beginning to 26.9
0.80% at the end—because the volume of fluid in-
fused exceeded that excreted. Plasma sodium con-
centration fell on the average from 147.3 1.00 to
137.4 1.20 mEq/liter and, as glucose concentration
rose, plasma osmolality increased from 300.2 1.12 to
305.8 1.11 mOsm/liter. Glomerular filtration rate
remained remarkably constant throughout each study
despite these effects of inducing a marked osmotic
diuresis. All animals were frisky and in good spirits at
the close of each procedure.
Average control values for the five animals A, B, D,
E and F (9.0 0.63 kg of body weight) studied prior to
operation of any kind (CI/kg of body weight = 5.30
0.0302 mI/mm/kg, Tm0/kg of body weight = 13.10
0.491 mg/mm/kg, CIN/TmG 0.401 0.026 mI/mg)
agreed satisfactorily with those reported previously
[6]. The titration curve showed less "splay" than that
obtained in studies of three larger mongrel dogs [6].
The filtered glucose load/Tm0 ratios at threshold and
saturation were employed as indices of splay. These
filtered loads were computed as the products of P0 and
the inulin clearance at each of these points (PGCIN).
The value for Tm0 in each study was calculated as the
average rate of reabsorption during six or more periods
immediately after saturation had been achieved.
Control load/Tm0 at threshold averaged 0.880 0.028
and control load/Tm0 at saturation, 1.096 0.078.
An initial effort was made to define the change in
renal function and structure soon after unilateral
nephrectomy (A, B, C—Table 1). The remaining
kidney was removed one to four days after the initial
nephrectomy. Although the kidney weights did not
differ greatly in the first two dogs (A and B), it was
evident that they were not identical, the second
kidney weighing 2.5 and 1.7 g (11.4% and 8.5%)
more. Although the differences may have resulted from
hypertrophy, they are more likely to have been a
consequence of an intrinsic inequality in size of the two
kidneys in the control period. It became necessary,
therefore, to obtain control data on the same kidney
that would later undergo hypertrophy. For this pur-
pose a cutaneous ureterostomy was carred out in dogs
C, E and F, but not in D, prior to unilateral
nephrectomy.
Measurements of renal function were not made in
dog C prior to ureterostomy but in E and F values for
GFR, Tm0 and glucose titration were obtained on two
occasions prior to and on two and three occasions
during a 6- and an 11-day interval following ureter-
ostomy (Table 2). The control data presented in
Table 2 indicate the combined function for both
kidneys whereas those obtained after ureterostomy
Table 1. Effect of unilateral nephrectomy on glomerular filtration rate, maximal tubular glucose reabsorption, and loadfTma ratio at
threshold and saturation (shortterm)a
Dog BW,
kg
KW,
g
Procedure Time,
days
CIN,
in//nil,,
TmG,
mg/mi,,
C1N/TmG,
mi/mg
L/Tm
Thres Sat
A 8.4
22.0
24.5
Control I
Control 11
After nephx I
—96
—14
+ 1
21.7
22.7
18.0
51.6
53.4
48.8
0.42
0.43
0.37
0.93
0.79
0.86
1.01
1.03
1.23
B 7.5
20.0
21.7
Control I
Control II
After nephx I
After nephx 11
—125
—13
+ 1
+3
22.1
23.3
26.1
26.0
48.6
52.7
62.7
52.9
0.45
0.44
0.42
0.49
0.97
0.82
0.86
0,90
1.06
1.06
1.13
1.16
C 10.0
23.7
20.0
Control 1
Control II
After nephx I
After nephx 11
—5
0
+2
+4
18.7
19.6
22.6
21.6
48.6
51.8
51.2
56.2
0.38
0.38
0.44
0.38
0.97
0.92
0.93
0.90
1.05
1.04
1.21
1.14
Abbreviations: BW, body weight; KW,kidney weight; CIN, inulin clearance—glomerular filtration rate; Tma, maxi-
mal tubular glucose reabsorption; L/TmG, ratio between load (arterial plasma glucose concentration x CIN) and
TmG at the concentration when urinary glucose excretion is first detectable (1 to 5 mg/min)—Thres—and at the
lowest concentration at which reabsorption is equal to Tm—Sat. The values for CIN and TmG were averages of 6 to 13
figures; CTN/TmC was computed from the tabulated averages. In dog C, left-ureterostomy was performed 12 days
before left-nephrectomy on day 0 and the values for CIN and TmG in the control studies refer solely to the right
kidney. in dogs A and B, however, the control values presented are one-half those actually obtained in the intact
animal for both kidneys. The control KW refers to the left kidney removed by nephrectomy in dog B, to the right in
dog A.
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Table 2. Glomerular filtration rate, maximal tubular glucose reabsorption and load/Tm0 ratio at threshold and saturation before and
after urinary diversion by cutaneo-ureterostomy (two kidneys compared with one kidney)
Dog BW,
kg
Procedure Time,
days
CIN,
mi/mm
Tm0,
ing/min
CIN/TmO L/T
Thres
m0
Sat
E 9.5 Control 1
Control II
After U-ostomy I
After U-ostomy 11
—20
—13
+2
+6
48.6
47.3
28.3
28.1
158.6
140.0
77.4
82.8
0.31
0.34
0.37
0.34
1.04
0,98
0.83
0.96
1.04
0.98
1.03
1.13
F 11.4 Control I
Control II
After U-ostomy I
After U-ostomy II
After U-ostomy III
—42
—13
+3
+5
+11
46.4
48.8
22.9
23.4
22.9
130.2
135.3
71.0
66.4
70.9
0.36
0.36
0.32
0.35
0.32
0.84
0.90
0.90
1.00
1.07
1.06
1.19
—
1.00
1.07
Abbreviations as in Table 1. Values for CIN and Tm0 were averages of four or more successive determina-
tions; U-ostomy— right cutaneo-ureterostomy in dog E, left in dog F.
(after-ureterostomy) indicate the function of the
kidney (left in dog E, right in dog F) which continued
to secrete urine normally into the bladder. inulin
clearance and TmG fell to 58.8 and 51 .8% of control,
respectively, two days after operation in dog E and to
48.1 and 53.5% of control value in dog F. There was
no change in the CIN/TmG ratio, as expected. The
load/Tm0 ratio at threshold fell slightly in E and
remained unchanged in F. Splay increased somewhat
but not significantly in E and diminished in F. The
control values for evaluation of the renal functional
change following unilateral nephrectomy were then
taken as averages of the last two postureterostomy
studies in dogs C, E and F (Tables I and 3). Since these
Table 3. Effect of unilateral nephrectomy on glomerular filtration rate, maximal tubular glucose reabsorption, and load/Tm ratio at
threshold and saturation (long-term)'
Dog BW,
kg
KW,
g
Procedure Time CIN,
nil/mm
Tm,,
ing/min
CJN/TmC,
rn//mg
Thres
L/Tm,,
Sat
D
E
F
G
8.4
9.5
11.4
9.6
24.9
29.5
36.0
36.9
25,9
34.3
30.0
Control
After nephx
Control
After nephx
Control
After nephx
After nephx
+3 days
+7 days
+14 days
+33 days
+68 days
+2 days
+4 days
+8 days
+ 14 days
+21 days
+45 days
+94 days
+2 days
+6 days
+ 10 days
+22 days
+36 days
+ 132 days
+ 142 days
+156 days
+4 years
23.3
32.3
30.6
30.6
33.0
33.4
28.2
30.1
36.5
34.6
39.8
37,0
39.1
39.4
23.2
25.9
24.8
26,4
29.2
29.2
38,8
55.2
42.4
31,4
50.6
74.3
76.0
80.0
87.5
87.5
80.1
90.6
108.2
115.4
123.6
113.8
127.9
116.4
68.7
76.1
72.8
78.1
69.2
82.0
127.4
116.2
114.0
77.7
0.46
0.43
0.40
0.38
0.38
0.38
0.36
0.33
0.34
0.30
0.32
0.33
0.31
0.34
0.34
0.34
0,34
0.34
0.42
0.37
0.30
0.48
0,37
0.40
0.89
0.91
0.76
0.75
0.95
0.91
0.90
0.81
0.77
0.80
0.82
0.90
0.79
1.04
0.81
0.95
1.04
1.03
—
1.02
0.97
0.91
0.83
1.23
1.04
1.37
1.15
t.05
1.09
1.08
1.10
1.09
1.22
1.23
1.24
1.24
—
1.04
1.05
1.08
1.04
1.03
1.02
0.97
1.06
1.18
"Abbreviations: See footnote, Tables I and 2. Control values are average of figures for one kidney from the last two
studies prior to nephrcctomy; for individual figures in E and F, see Table 2; for D, see text.
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figures are referable only to the kidney undergoing
compensatory hypertrophy, they should be somewhat
more accurate indices of change than the control
values in A, B and D, which are one-half the com-
bined values for both kidneys. (In D (Table 3) control
measurements of GFR and TmG, made 107 and 44
days before nephrectomy, were 43.8 mI/mm and 97.9
mg/mm, and 49.2 mI/mm and 103.2 mg/mm, res-
pectively).
In every instance in which renal function was mea-
sured two to four days after unilateral nephrectomy,
both inulin clearance and Tm had increased, however
evaluated, whether on the basis of unilateral renal
function (C, E and F—Table I and 3) or of one-half
the combined control values for both kidneys (B—
Table I and D—Table 2). The sole exception was
observed in dog A—Table 1, where the only measure-
ment was made one day after nephrectomy and con-
trolled by one-half the value for both kidneys com-
bined. The control measurements in each animal
were in remarkably good agreement, warranting the
conclusion that the rises observed in both contra-
lateral filtration and maximal glucose reabsorption
reflected definite changes occurring within 48 hours
after nephrectorny. In the three more prolonged
studies (dogs D, E and F—Table 3), both glomerular
and tubular function increased unequivocally reaching
levels 43.3 and 72.9 above control for GFR and
TmG, respectively, at 68 days in dog D; 30.9 and
28.5% above at 94 days in dog E; and 82.8 and 65.9%
above at 156 days in dog F. Maximal growth seems to
have been achieved by the 14th day in dogs D and E
but a further advance seems to have occurred in dog
F after the 36th day.
The CIN/TmG ratio fell in D and E but tended to
rise in F. No change occurred in the short-term experi-
ments (Table 1). This absence of any evidence for
relative glomerular dominance and glomerulotubular
imbalance is fully borne out by the values obtained
during glucose titration. The "indices of splay"
failed to show any consistent departure from the
control limits at any stage in any experiment. This
proved as true for dog G, four years after unilateral
nephrectomy, as for the other six dogs, one to four
days postoperatively. Glycosuria never occurred at
plasma concentrations of glucose below the control
threshold values and no evidence of difficulty in
saturating the transport mechanism was adduced.
These data were found to be consistent with the results
of microdissection and measurement of the dimensions
of glomeruli and tubules.
Samples of nephrons were dissected out and
measured in two control kidneys and their mates
removed 3 and 68 days later (dogs B and D—Table 4).
In addition, samples of nephrons from kidneys re-
moved 156 days and four years after unilateral
nephrectomy were measured (dogs F and G—Table 4).
Glomerular surface was significantly correlated with
Table 4. Glomerular surface area, proximal convoluted tubular length and volume before and after unilateral nephrectomy
Dog Glomerular
surface,
rn/n2
Proximal
length,
mm
Proximal
volume,
,nm3
GS/PV,
,nnv'
r Pr
B
Control mean±sEM 0.0861 10.95 0.0181 4.83 0.880 <0.001
(N=25) +0.28
4 days after nephx, 0.0783 10.97 0.0196 4.11 0.683 <0.001
mean±sEM (N=25)
P NS NS NS <0.005 NS
D
Control mean±SEM 0.1575 19.91 0,0528 3.18 0.934 <0.001
(N=21)
68 days after nephx, 0.1607 23.21 0.0741 2.26 0.721 <0.001
mean±sEM (N=2l)
P NS <0.005 <0.005 <0.001 <0.025
F
156 days after nephx, 0.908 17.52 0.0270 3.73 0.488 <0.05
mean±sEM (N=16)
G
4 years after nephx, 0.1369 18.20 0.0532 2.66 0.505 <0.01
mean±sEM (N=23)
Abbreviations: GS/PV, glomerular surface-proximal volume ratio; r, correlation coefficient for glomerular
surface on proximal volume; Pr, probability that value for r is due to chance alone.
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the volume of the attached proximal convoluted tubule
in every instance, in keeping with the observed func-
tional glomerulotubular balance and with previous
findings in the dog [6]. Moreover, the structural
balance did not seem to be affected by compensatory
hypertrophy. The correlation was highly significant
(P<0.001) in both control kidneys and in kidneys
removed 3 and 68 days later in dogs B and D (Table
4), though the correlation coefficient did tend to
diminish.
In the samples of nephrons from kidneys removed
156 days and four years after uninephrectomy,
correlation was still demonstrable. Values for mean
glomerular surface failed to show any significant
change from control in B and D. The length and
volume of the proximal convoluted tubule increased
significantly (P <0.005) only in dog D, 68 days after
nephrectomy, and failed to show any change after 3
days in dog B. These findings were consistent with the
corresponding data on kidney weights—in dog D,
24.9 g control and 29.0 g; dog B, 20.0 g and 21.7 g. it
is evident that clear-cut hypertrophy occurred only in
dog D. Tn B the short interval of three days was
apparently insufficient to permit increases either in
size or function. The lack of control data on nephron
dimensions in F and G make it impossible to assess
the relative changes in glomerular and tubular size,
but in both B and D a shift toward tubular dominance
may have occurred since there was a significant fall
in the glomerular surface proximal volume ratio. It is
noteworthy that the values for control and experi-
mental kidneys within each animal, even when evincing
a significant difference as in D, agreed much more
closely than did values between animals. Since each
kidney was processed separately this observation
suggests that control of tissue shrinkage or swelling
was well maintained.
Discussion
In this study, as in those of others [9, 17], the pro-
blem of assessing compensatory renal hypertrophy in
terms of renal weight change has proved surprisingly
difficult. Neither Liu and Overman [17] nor McNay
and Miyazaki [18], for example, have found significant
difference in weights between the kidneys of mongrel
dogs, and both conclude that either kidney can serve
as a suitable control. In rats, some workers [4, 19, 20]
have found that the right kidney is larger than the left
others [21] have observed no inequality, possibly due
to strain differences. Generalization in this situation is
obviously dangerous and at best uncertain. Since
differences in kidney weights between dogs are much
greater than between those of the same animal, it is
evident that the average figure often employed [17] may
not be a helpful baseline value. This is particularly the
case when hypertrophy is not very marked so that a
20% increment in kidney mass (from 20 to 24 g) may
be minimized because the larger of the two kidneys
(22 g in the present example) is taken inadvertently as
the control (thus reducing the apparent enlargement
from 20 to 9.1). Of course, the reverse may be true.
This difficulty may be avoided in part by work with
younger animals with greater percentile hypertrophy,
but here, as in the rat where growth continues over
much of the life span, it is difficult to dissociate the
effects of normal growth from compensatory hyper-
trophy. The apparent absence of change in kidney
weight, or at best a minimal increase, noted after
unilateral nephrectomy in adult dogs by Liu and
Overman [17] and in the present study (in dog E, for
example), may be accounted for by these considera-
tions. It is therefore impossible to correlate the
changes in function with changes in kidney weight in
this series even though appropriate alterations were
seen in two of the three dogs followed long enough for
hypertrophy to have occurred (dogs D and F—by an
increment of 18.5 and 32.4%, respectively, above the
weights of the contralateral kidneys—Table 3).
Despite the uncertainties in judging change in renal
mass, both glomerular filtration and the tubular
glucose reabsorption capacity had increased markedly
by 68 to 156 days after removal of one kidney. The
data strongly suggest that this phenomenon developed
very quickly within two to four days after nephrectomy.
When overall control values are halved to serve as
control for function of the single remaining kidney,
interrenal differences in function could operate like
those in weight to minimize or exaggerate the apparent
immediate response, as in dog A—Table 1, for example.
This factor cannot mask subsequent long-term effects,
however. Moreover, unilateral control measurements
in dogs C, E and F (Tables 1, 2 and 3) give considerable
weight to the conclusion that GFR and TmG rose in
all three animals within two days.
It should be stressed that filtration and Tm
changed together to approximately the same extent in
all animals at every stage throughout the various
periods of observation. Kolberg's [13] observation of a
fall in CIN/TmG ratio relates to dogs studied more than
one year after a much more extensive nephrectomy and
is therefore, not necessarily at variance with these
results. The absence of significant "splay" in the
glucose titration curve throughout, in all animals, is
also consistent with maintenance of glomerulotubular
balance and minimal heterogeneity. It is quite impos-
sible to infer from these data which functions—either
filtration or tubular reabsorption—had primacy.
Uninephrectomy and glotnerulotubular functional-structural balance 129
Although the measurements of glomerulotubular
dimensions are too few to permit precise evaluation of
relative intranephronic growth rates, they are sufficient
to yield statistically significant positive correlations
between glomerular surface and proximal volume in
six kidneys—two control and one each at 3 days, 68
days, 156 days, and four years after heminephrectomy.
It may be concluded that hypertrophy in the latter
three animals occurred without augmented hetero-
geneity in the relationship between glomerular and
tubular dimensions. Since glonierular size remained
unchanged in the one study (dog D—Table 2) in
which the effect of hypertrophy could be judged in
terms of the contralateral kidney removed 68 days
earlier, it is possible that maintenance of glomerulo-
tubular dimensional balance implies simply an
orderly and uniform enlargement of all tubules in
proportion to size. If this is so, the observed functional
balance must depend upon an equivalent increase in
filtration rate secondary to appropriate hemodynamic
adjustments that are geared in some manner to
tubular growth—or the reverse may be true. Which-
ever factor is the prime determinant, the increment in
filtration must be uniformly distributed throughout
the nephron population. In line with this conclusion is
the recent observation by McNay and Miyazaki [18]
that hypertrophy does not alter the cortical vascular
distribution of tracer-labelled microspheres.
The apparent dissociation between glomerular and
proximal tubular growth is like that already noted in
the comparison of Arataki's [4] and Oliver's [2] data
for the rat and suggests that other disproportionalities
may be demonstrable in the dog, also. Measurements
of the lengths and diameters separately of the pars
convoluta (Pc) and pars recta (Pr) of the proximal
convoluted tubule in dogs B and D gave some sub-
stance to this possibility. No significant dimensional
differences between tubules from the two kidneys were
found in dog B where only three days elapsed between
uninephrectomy and removal of the second kidney. In
dog D, however, where a 68-day period permitted
demonstrable hypertrophy, Pc lengths and diameters
were both significantly increased (length—15.31
0.76 vs. 18.07±0.69 mm, P<0.Ol; diameter—0.058±
0.0015 vs. 0.065±0.0013 mm, P<0.OOl) whereas Pr
diameters alone increased significantly (length—
4.60±0.23 vs. 5.14±0.26 mm, P<0.1; diameter—
0.054±0.0013 vs. 0.059±0.0011 mm, P<0.005). Data
are not yet available to show whether enlargement of
distal convoluted tubules is less than that of the
proximal convoluted tubules as Hayslett and his
associates [3] have shown it to be in the rat. The finding
by McNay and Miyazaki [18] that the cortex/medulla
weight ratio remains unchanged in the dog during
hypertrophy indicates, however, that the medullary
portions of the nephrons and collecting systems grow
roughly in proportion to the proximal convolutions.
Microdissection and measurements of total nephrons
from hypertrophic kidneys of dogs are necessary to
put this inference on a solid quantitative foundation.
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